ABSTRACT
INTRODUCTION
There is a demand to prepare students in analog microelectronics, and to be familiar with industry grade IC design tools. The EE Department at Texas A&M University has developed a course in analog circuit design that covers the basic knowledge required for an entry level analog designer position.
This paper presents the organization of the laboratory section of the Analog VLSI Circuit Design (ELEN-474) class. The laboratory is a key part of the course that fills the gap between theory and practice and its objectives are: a) To understand the theory by designing circuits as required in the pre-laboratory exercises. b) To simulate and compare the design against the hand calculations. c) To produce a layout and compare it against the schematic. d) To run a parasitic extracted simulation in order to verify performance matches against specifications. e) To run statistical analysis in order to predict the behavior of the circuit under parameter variations.
The tools used in this laboratory are those available with the Cadence Design Systems: schematic capture (CAP), circuit simulation (SIM), circuit layout (LAY), design rule check (DRC), layout versus schematic check (LVS), circuit extraction (EXT), parasitic simulation (PSM) and statistical simulation (SSM). In addition, some mathematical tools are used as an aid to automate the design process, and also as a graphical user interface (GUI) for circuit analysis.
The innovation in the implementation of this lab consists of the creation, adaptation and integration of the different teaching materials available such as: Laboratory manual [1] ; web page [2] with step by step instructions, examples and up to date information; use of industry grade design tools; and use of non-circuit related programs for automation and analysis.
COURSE DESCRIPTION
The laboratory is based on a bottom-up design methodology. Each session is based on simple configurations, characterized by circuit design, layout, simulation and measurement. By the end of the course, the student has the ability to integrate these building blocks to form complex systems such as continuous and discrete time filters. The laboratory meets once a week and is divided in two sessions: One for simulation and one for physical measurement (MEA).
Simulation
At the beginning of the simulation session the student turns in the pre-laboratory exercises. The design is captured into Composer using the hand calculated values. The simulations are performed using Analog Artist and Spectre. After the specifications are met, the circuit layout is designed using Virtuoso. The layout procedure is: a) Generate a floor plan by identifying which transistors should be matched and which would require special attention for proper layout. b) Execute the DRC to verify that the design complies with the design rules. c) Extract the layout to identify the devices generated and also the non-desired parasitic devices. d) Run LVS tool to verify the correspondence between the layout and the schematic. e) Generate an analog extracted cellview to perform parasitic extracted simulations. The grading policy applies 50% to the laboratory reports, 40% to the pre-laboratory exercises and 10% to random assigned five minutes quizzes.
3.

LABORATORY ORGANIZATION
TEACHING MATERIAL
Laboratory Manual
The laboratory manual is the foundation of this laboratory, it contains the guidelines and the required theory to perform each design. The structure of each laboratory session is as follows: Objectives, Introduction, Design Description, Simulation and Layout procedure, Test Procedure, Pre-Laboratory, Laboratory week 1, Laboratory week 2 and References.
Web Page
A WWW site has been created to complement the laboratory lectures [2] . This resource has proved to be a very useful tool. During the laboratory session, the student can follow the explanation given by the TA by browsing on his/her own workstation as the TA explains the different steps required to complete the design. As the students work through their design, they can use the web site to verify that the procedure is correct.
Mathematical Tools
Two mathematical programming tools have been used to help automate the design procedure and to aid in the analysis of the design equations. These tools are Matlab and Maple. A very useful application of the mathematical tools is for the automatic generation of parameter files; e.g. the design equations are entered into Matlab, the output would be a text file which can be included into a Spice text simulation file. This procedure allows to run the mathematical tools and reflect the new design specifications in the simulation.
CAD Design Tools
Texas 
CONCLUSIONS
A laboratory structure for an analog integrated circuit design course has been presented. The different tools available, allow the students to concentrate more on the design issues rather than on software problems. The laboratory manual sets the guidelines, complements the theory, develops a design procedure and sets the specifications for each design. By using the web page, the student can go through the design steps and verify that the results are correct. The use of mathematical analysis tools helps the student to automate some tasks that are otherwise repetitive. Moreover, the use of a graphical interface allows the student to take design decisions. The best layouts are fabricated using the MOSIS service. The fabricated circuits are to be measured by the students of the forthcoming semester.
